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Functional outcome after thoracoabdominal
aneurysm repair
Robert S. Crawford, MD, Juan D. Pedraza, MD, Thomas K. Chung, MA, Michael Corey, BA,
Mark F. Conrad, MD, and Richard P. Cambria, MD, Boston, Mass
Objectives: Previous reports have documented perioperative outcomes and major complications (renal failure, spinal cord
ischemia, death) after repair of aneurysms of the thoracoabdominal aorta (TAA). This study documented long-term
functional outcomes after open TAA repair.
Methods: The Medical Outcomes Study Short-Form 36-Item Survey (SF-36) was administered to 134 survivors (83 men,
51 women; mean age, 69.5 years) of TAA repair at a mean follow-up from surgery of 60  38.7 months. Raw scores were
compared against cohorts adjusted for age and comorbidity (cardiovascular disease). Assessed was the influence of
preoperative and intraoperative factors, as well as postoperative complications on long-term quality of life (QOL).
Results: Raw scores for the eight SF-36 domains and the composite physical and mental component scores were lower
(P < .01) in the TAA cohort compared with an age-adjusted reference population. Female gender and age >75 years
decreased the physical functioning (P  .02) and role physical (P  .04) domains compared with male gender and patients
<65 years old. Previously recognized systemic vascular disease lowered QOL in three SF-36 domains: general health
(P  .013), social functioning (P  .003), and role emotional (P  .003); systemic vascular disease also showed a strong
trend toward reduction in physical functioning (P  .09) compared with patients without systemic vascular disease.
Neither TAA extent (I to IV) nor elective vs urgent/emergency operation influenced long-term QOL in our cohort.
Patients with postoperative paraplegia, cerebrovascular accident/cardiac event, and those requiring reoperation showed
lower scores in the physical functioning (P  .036), general health (P  .02), and Mental Health (P  .04) domains.
Increased length of stay negatively impacted long-term QOL. The TAA cohort and the cardiovascular disease cohort had
similar SF-36 scores for four domains (general health, bodily pain, vitality, and social functioning) and physical
component scores. The cardiovascular disease group had higher scores in the physical functioning, role physical, role
emotional, and mental health domains, and in mental component scores (P < .01).
Conclusion: Permanent loss of functional capacity, measured at a mean of 5 years postoperatively, occurs rarely in
survivors of TAA repair. Further studies are needed to define the role of hybrid or endovascular strategies, including their
impact on long-term functional outcome compared with open TAA repair. ( J Vasc Surg 2008;48:828-35.)We, and others, have previously reported on the peri-
operative outcomes after repair of aneurysms of the thora-
coabdominal aorta (TAA), emphasizing the significant im-
pact of major complications, in particular, renal failure and
spinal cord ischemia.1-6 A recent report found mortality of
19% at 31 days and 31% at 365 days, with an increasing
mortality rate at 30 and 365 days for patients that was
linearly related to increasing age.7 Other reports have sug-
gested that outside of centers of excellence, the operative
mortality for nonruptured TAA repair can approach 25%,8
yet the natural history of TAA without resection is dismal. A
previous report of nonoperative management of TAA
placed 5-year survival rates at 39% and repair-free survival
rates at 17% at 5 years; a second study reported 20%
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828mortality from rupture for patients monitored nonopera-
tively for 1 year.9,10
There is consensus that patients with a life expectancy
2 years, who are reasonable operative candidates, and
whose TAA is 6 cm in diameter should undergo elective
TAA resection. Furthermore, reluctance to proceed with
timely resection comes at the expense of increased morbid-
ity when TAA repair is conducted in urgent circumstances.
Several reports have documented that overall morbidity
(including spinal cord ischemia) and mortality are increased
in the roughly 20% of patients who undergo TAA resection
in urgent circumstances.1,2
Despite the evident focus on perioperative outcomes,
late survival in our TAA cohort compared with that
achieved after abdominal aortic aneurysm (AAA) repair is
acceptable, demonstrating that the substantial resource
investment in bringing these patients through TAA repair is
appropriate.1 However, it is also clear that prolonged or
incomplete recovery can hamper late functional outcomes.
Rectenwald et al11 reported satisfactory outcomes at 1 year
in only 63% of patients after TAA repair, albeit their data
was influenced by an 18% operative mortality.
Quality of life (QOL) measures have assumed increas-
ing importance, in particular in the era when endovascular
repair for TAA is available. Although QOL assessment after
a variety of interventions for vascular disease has proven to
goric
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endarterectomy (CEA) or even AAA bears little relevance
to functional outcome after TAA repair. This relates, of
course, to both the magnitude of formal open TAA repair
and the particular potentially devastating impact of spinal
cord ischemia. Such investigation is particularly relevant in
an era when hybrid operations have been applied to TAA
repair with the intent of reducing operative morbidity.12-14
From an anecdotal perspective that most patients do
achieve complete recovery after TAA repair, the purpose of
this study was to document long-term quality of life after
open TAA repair.
METHODS
Patient cohort and characteristics. During the inter-
val January 1987 to June 2005 (to insure minimum 2-year
follow-up), 435 patients underwent surgical repair of TAA.
Details of techniques used for repair and outcomes have
been reported previously.1 Institutional Review Board ap-
proval was obtained for all aspects of this study. The Social
Security Death Index database was used to identify 204 of
435 survivors of TAA repair, and contact information was
obtained from hospital and office records.
A license for the United States English version of the
Table I. Demographic and clinical features of 134 quality
cohort
Variablea QOL responden
Total patients, No. 134
Age, years 69.52  10.33 (30
Male sex 61.9 (83/134
Diabetes 6.7 (9/134)
Hypertension 85.1 (114/13
COPD 34.4 (46/134
CAD 98.5 (132/13
Prior vascular surgery
CABG 17.2 (23/134
Carotid 12.7 (17/134
PVD 3.7 (5/134)
Prior aortic surgery
Infrarenal AAA 20.9 (28/134
Thoracic aortic
Aneurysm 3.0 (4/134)
Prior TAA 9.7 (13/134
Prior aortobifemoral 5.2 (7/134)
TAA extent
Type I 29.9 (40/134
Type II 11.2 (15/134
Type III 31.3 (42/134
Type IV 27.6 (37/134
Symptomatic at operation 26.1 (35/134
Urgent/emergency operation 12.7 (17/134
Intraoperative variables
Epidural coolingb 65.7 (88/134
Total operative time, min 315.7  93.1 (153
Total cross-clamp time, min 78.8  29.5 (24-
AAA, Abdominal aortic aneurysm; CABAG, coronary artery bypass graftin
PVD, peripheral vascular disease; TAA, thoracoabdominal aneurysm.
aContinuous data are presented as mean  standard deviation (range); cate
bFor spinal cord protection.Medical Outcomes Study Short-Form 36-Item (SF-36)Health Survey (version 2) standard formwas obtained from
QualityMetrics Inc (Lincoln, RI), and a copy with a return
envelope was mailed to all identified survivors; there were
134 respondents (67% response rate). The mean follow-up
time from surgery to survey answering was 60  38.7
months after TAA repair.
Clinical and demographic features of the 134 respon-
dents and of the entire TAA cohort are detailed in Table I,
with definitions as reported previously.1 Only a lower inci-
dence of chronic obstructive pulmonary disease and truly
elective operation distinguished the respondents from the
overall TAA repair cohort. For TAA extent, we have applied
the original E. S. Crawford definitions: the entire descend-
ing aorta needs to be resected to be classified as TAA extent
I or II; thus, the single greatest percentage of patients
throughout our experience has been extent III.1 Major
postoperative complications (mortality, paraplegia and re-
nal failure, as summarized elsewhere1) were not signifi-
cantly different between respondents and the overall co-
hort.
QOL measurements. QOL was assessed using the
SF-36 questionnaire, which consists of 36 questions that
measure eight different health domains of QOL. These
domains are physical functioning, role limitations as a result
fe respondents and overall thoracic aortic aneurysm
TAA cohort P
435
70.79  9.53 (17-90) .17
48.7 (212/435) .0014
7.1 (31/434) .88
87.4 (380/434) .58
50.1 (218/434) .002
98.6 (429/434) .14
14.5 (63/434) .72
21.6 (94/434) .024
5.1 (22/434) .54
19.3 (84/433) .82
6.7 (29/434) .11
7.1 (31/434) .11
2.5 (11/434) .66
27.1 (118/435) .11
15.2 (66/435) .66
36.3 (158/435) .34
21.4 (93/435) .17
36.6 (158/432) .030
23 (97/435) .02
57.2 (249/435) .093
) 313.7  95.8 (120-715) .99
76.7  30.1 (23-341) .42
D, coronary artery disease; COPD, chronic obstructive pulmonary disease;
data as percentage (number).of li
ts
-90)
)
4)
)
4)
)
)
)
)
)
)
)
)
)
)
)
-715
193)
g; CAof physical problems (role physical), bodily pain, general
JOURNAL OF VASCULAR SURGERY
October 2008830 Crawford et alhealth perception, vitality (the frequency of feeling full of
energy or feeling tired), social functioning, role limitations
resulting from emotional problems (role emotional), and
general mental health. The SF-36 has been extensively
studied and validated in many disease models for assessing
QOL in these eight domains.15 A description of the SF-36
domains is provided in Appendix (online only).
Data from the surveys was transformed using a conver-
sion table and entered into software provided by Quality-
Metrics. Norm-based (raw) scores for the eight SF-36
QOL domains were obtained using this method. For each
domain, a raw score was transformed to a 0 to 100 scale
(transformed scores), with 100 representing optimal func-
tioning. Two component scores, the physical component
score and the mental component score, are derived from
the eight SF-36 domains and are also reported. The phys-
ical component score reflects physical morbidity and etiol-
ogy, and the mental component score reflects psychologic
or mental morbidity and etiology (Table II, online only).
Scores are reported with a 95% confidence interval (CI).
Intracohort analysis. Several preoperative, intraoper-
ative, and postoperative variables were examined for their
influence on QOL after TAA repair, including age at oper-
ation, gender, history of operation for systemic vascular
disease, defined as coronary artery bypass graft (CABG),
CEA, or lower extremity distal bypass; urgency of operation
(urgent/emergency vs elective procedures), and TAA ex-
tent I to IV. Postoperative variables examined were major
neurologic deficit (postoperative paraplegia vs no neuro-
logic event), hospital length of stay (20 hospital days vs
20 days in the hospital), patients with and without a
postoperative cerebrovascular accident (CVA)/cardiac
event, and patients with and without reoperation of any
kind. Transformed scores were used for these comparisons.
Comparison with reference cohorts. Because preop-
erative SF-36 data were not available for our TAA cohort,
relevant comparison groups were sought. First, the average
age of our TAA cohort was 69.5 years; consequently, we
first compared our TAA cohort with age-matched norm-
Table II. Quality of life scores for patients after thoracoab
SF-36 domains
Transformed scores Norm-based score
Mean (95% CI) Mean (95% C
Physical functioning 46.7 (41.9-51.5) 34.6 (32.6-3
Role physical 44.1 (39.1-49.0) 34.9 (33.0-3
Bodily pain 59.9 (55.1-64.8) 45.2 (43.1-4
General health 54.5 (50.8-58.2) 42.2 (40.2-4
Vitality 48.0 (46.4-49.6) 44.9 (44.1-4
Social functioning 70.8 (65.7-75.9) 44.1 (41.9-4
Role emotional 66.3 (60.8-71.8) 40.1 (37.6-4
Mental health 55.4 (53.1-57.7) 39.0 (37.7-4
Composite score
Physical 39.0 (37.0-4
Mental 43.6 (42.4-4
CI, Confidence interval; SF-36, Medical Outcomes Study Short-Form 36-I
aObtained from SF-36 interpretation manual.16
bP  .01.based data provided in the SF-36 manual.16 Second, refer-ence SF-36 data are representative of the 1998 general US
population. Even when corrected for age, and given the
multiple comorbidities of our study population, this cohort
was hardly an ideal reference standard for a cohort in need
of TAA repair. Accordingly, a norm-based cohort of 658
patients with self-reported medication required for cardio-
vascular disease or with limiting cardiovascular disease was
provided by QualityMetrics (unpublished data). Indeed,
the defining clinical/demographic characteristics of this
cohort (mean age, 65 years, 50% women, and 58% hyper-
tension) compared well with our TAA cohort (Table I).
Furthermore, our TAA cohort was composed of 98.5% of
patients who we classified as having cardiovascular disease
based on a history of previous myocardial infarction, elec-
trocardiographic evidence of a previous cardiac ischemia, or
previous/current active cardiac symptoms. Accordingly,
the comparison between this chronic disease cohort and
our TAA cohort was the best available control cohort.
Statistical analysis. The QOL data for intracohort
analysis are presented as mean (transformed scores) 
standard error. For the purpose of comparison between
predefined groups, t test and analysis of variance were used.
The adjusted comparison for age and gender was done by
means of analysis of covariance. Norm-based (raw) scores
are used for comparison to reference cohorts and are pre-
sented with 95% CIs. Differences from the norm-based
groups are expressed as the mean difference with 95% CI.
For comparisons among our TAA cohort, age-adjusted,
and cardiovascular groups, the t test with Welch correction
was applied. A value of P  .05 was considered statistically
significant. For statistical analysis, we used SAS 8 software
(SAS Institute Inc, Cary, NC). SF-36 data were analyzed
using software provided by QualityMetrics.
RESULTS
Outcomes for TAA cohort. Table II reports trans-
formed scores, norm-based raw scores (including physical
and mental component scores), age-adjusted norm-based
scores provided in the SF-36 manual,16 and statistical dif-
inal aneurysm repair
S) Age-adjusted NBSa Difference from age-adjusted NBS
Mean (95% CI) Mean (95% CI)
44.5 (43.7-45.2) 9.8 (7.8-11.9)b
45.5 (44.8-46.3) 10.6 (8.6-12.6)b
47.8 (47.1-48.5) 2.6 (0.46-4.8)b
48.4 (47.7-49.1) 6.2 (4.3-8.1)b
51.6 (50.9-52.3) 6.7 (5.0-8.5)b
50.1 (49.4-50.8) 6.0 (3.6-8.3)b
48.6 (47.9-49.4) 8.5 (5.8-11.1)b
52.7 (52.1-53.3) 13.8 (12.3-15.2)b
44.7 (44.0-45.4) 5.7 (3.5-7.9)b
53.17 (52.5-53.8) 9.6 (8.2-10.9)b
ealth Survey.dom
s (NB
I)
6.6)
6.9)
7.2)
4.3)
5.7)
6.3)
2.7)
0.2)
1.0)
4.8)
tem Hferences between the TAA and age-adjusted groups, all
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and the physical and mental component scores were signif-
icantly lower (P  .01) in our TAA cohort compared with
the age-adjusted reference population.
Intracohort comparisons for preoperative
variables on QOL
Gender. After correcting for age within our study
population, physical functioning was significantly lower in
women compared with men (P  .02). None of the other
SF-36 domains showed significant differences when men vs
women undergoing TAA repair were compared.
Age at surgery. After correcting for sex within our
study population, role physical was significantly lower in
patients aged75 years compared with patients65 years
at the time of operation (P .04). None of the other SF-36
domains showed significant differences between the differ-
ent age groups.
Influence of systemic vascular disease. Fig 1 illus-
trates the influence of systemic vascular disease on QOL
after TAA repair. QOL scores in patients with previously
recognized systemic vascular disease were lower in seven of
eight categories, three of which achieved statistical signifi-
cance: general health (P  .013), social functioning (P 
.003), and role emotional (P .003). Although not statis-
tically significant, physical functioning showed a strong
trend towards reduction in patients with previous systemic
vascular disease (P .09). Paradoxically, the mental health
score was significantly higher in patients with previously
recognized systemic vascular disease (P  .02).
Influence of TAA extent. Because the extent of op-
eration can influence overall recovery, we examined the
Fig 1. Influence of systemic vascular disease (SVD) on quality of
life after thoracoabdominal aneurysm repair as assessed by scores
on the domains of the Medical Outcomes Study Short-Form
36-Item (SF36) Health Survey at mean 5  3.2 years after opera-
tion. Data are shown with the standard error.influence of TAA extent on QOL after TAA repair. Nosignificant differences were detected in any of the eight
domains of the SF-36 amongst patients with the four
different TAA extents.
Elective vs urgent/emergency operation. No signif-
icant differences were found in any of the eight domains of
the SF36 when elective vs urgent/emergency TAA repairs
were compared.
Postoperative variables and QOL
Months of follow-up after the procedure. Fig 2
illustrates the influence of follow-up time on the different
SF-36 QOL domains after TAA repair. There was no
difference in seven of eight SF-36 domain scores as a
function of follow-up interval after operation. In the phys-
ical functioning domain, patients surveyed 7 years after
operation showed a significant decline compared with pa-
tients with a shorter follow-up (P  .005).
Complications. Fig 3 illustrates the influence of para-
plegia on QOL after TAA repair. Not surprising, the phys-
ical functioning domain was significantly lower in patients
with postoperative paraplegia (P  .036), but perhaps
surprisingly, no statistically significant change was found in
other SF-36 domains. Patients with a postoperative CVA/
cardiac event and those who required reoperation showed a
significantly lower score in the general health (P .02) and
mental health (P  .04) categories compared with those
free of these complications.
Hospital LOS. Fig 4 shows the influence of LOS on
postoperative QOL. Although not statistically significant,
two different domains showed strong statistical trends.
Values for both physical functioning and role physical were
higher in patients who stayed in the hospital for20 days vs
those that stayed in the hospital for20 days (P .07 and
Fig 2. Influence of follow-up time on quality of life after thora-
coabdominal aneurysm repair as assessed by scores on the domains
of the Medical Outcomes Study Short-Form 36-Item (SF36)
Health Survey. Data are shown with the standard error.P  .08, respectively).
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Table III reports norm-based scores for our TAA cohort
and the cardiovascular disease cohort. Four domains
showed significantly (P .01) higher scores for the cardio-
vascular disease group: physical functioning, role physical,
Fig 3. Influence of post-operative paraplegia on quality of life
after thoracoabdominal aneurysm repair as assessed by scores on
the domains of the Medical Outcomes Study Short-Form 36-Item
(SF36) Health Survey. Note the small numbers of late survivors
after total paraplegia. Data are shown with the standard error.
Fig 4. Influence of hospital length of stay on quality of life after
thoracoabdominal aneurysm repair as assessed by scores on the
domains of the Medical Outcomes Study Short-Form 36-Item
(SF36) Health Survey. Prolonged hospitalization may be a surro-
gate for poor physical functioning domains. Data are shown with
the standard error.role emotional, and mental health. The scores for the fourdomains general health, bodily pain, vitality, and social
functioning were not different between the groups. The
physical composite score showed no difference between the
two groups, whereas the mental composite score was
higher (P  .01) in the cardiovascular disease group.
DISCUSSION
Open TAA repair, particularly the more extensive ex-
tent I and II repairs, entails considerable morbidity and
prolonged recovery in many patients; the literature has
largely focused on perioperative outcomes and late survi-
val.1-6 In prior reports we demonstrated an overall periop-
erative mortality of 8%, a 13.5% incidence of lower extrem-
ity neurologic deficit of any severity, equivalent late survival
to that expected after AAA repair,17 and favorable durabil-
ity of TAA repair.1,17,18 These studies documented that the
considerable resource allocation to bring patients through a
TAA operation was appropriate, particularly when con-
trasted with the natural history of TAA.9,10
Unlike AAA repair options, open repair was the only
technical option for TAA until recently.12 As endovascular
options for TAA repair emerge, comparative functional
outcome assessments will assume increasing importance in
the selection of conventional vs hybrid/stent graft options
in individual patients. Because virtually no information is
available on functional outcomes after open TAA repair, we
assessed this at a mean follow-up duration of 5 years after
operation to determine if, and how often, permanent loss of
functional capacity occurs after open TAA repair.
The available literature referable to QOL after TAA
repair has focused primarily on the effects of cardiopulmo-
nary bypass on assessing, in particular, cognitive function-
ing in the elderly.19-21 To our knowledge, aside from a
recently published small report on QOL after TAA, this is
the largest series of patients assessed for QOL after TAA
repair in the literature.
Eide et al22 used the SF-36 to document health-related
QOL in 11 survivors of TAA repair at mean follow-up of
6.2 years. Comparison was made against a cohort from the
general population. In general, SF-36 scores for the TAA
cohort were lower in all dimensions compared with the
reference population. It is important to note that this
reference population was controlled for age—but not for
comorbid conditions—which significantly affect measure-
ments of QOL. The five patients who had postoperative
complications scored lower in the physical dimensions. The
six patients with uncomplicated postoperative courses all
reported improved health status compared with their pre-
operative status. More important, 10 of 11 patients, which
included patients with decreased measured health-related
QOL, still evaluated their operation as successful in an
additional questionnaire.22 Zierer et al, recently reported
on late functional outcomes after elective surgery for tho-
racic aortic aneurysms. The final data included SF-36 anal-
ysis, during the interval: 35 20 months post-operatively,
on 20 ascending, 25 descending and 25 thoracoabdominal
aneurysms. Data for the thoracoabdominal group showed
norm-based scores significantly below the 50% percentile in
Health
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quality of life in the physical domains were lowest with
thoracoabdominal patients when compared with ascending
and descending aneurysms. Interestingly, functional status
was not affected by advanced age.23
Summary, norm-based scores were significantly lower
in our TAA cohort than those reported for the age-adjusted
norm in all categories. Given the nature of the surgical
procedure, it is not surprising that this is the case. A study of
111 patients after thoracic aortic surgery showed that pa-
tients aged 65 to 75 years had significantly lower scores in
four SF-36 domains compared with an age- and gender-
matched cohort.21 In a similar study of 76 survivors of
thoracic aortic surgery, mean differences from the norm
ranged from 0.1 in the bodily pain domain to 30.2 in
the role physical domain (transformed scores), with only
the bodily pain domain not falling significantly below the
norm.24 However, patients in this study had thoracotomy
incisions only, likely without paralysis of the left hemidia-
phragm, which occurs frequently in patients with thoraco-
abdominal incisions done for TAA repair. These results
underline one difficulty in interpreting SF-36 data, which is
that significant differences in numeric raw scores may not
correspond to significant differences in some clinically rel-
evant outcomes that are important in the assessment of
QOL.
Overall, after correcting for age within our cohort, men
had higher QOL scores in six of eight domains compared
with women, with the physical functioning domain achiev-
ing statistical significance. Given that within our respon-
dents group 61.9% were men, yet men comprised only
48.7% of the entire TAA group, our mean SF3-36 scores
may overestimate the long-term functional outcome of
TAA survivors. These results are concordant with previous
QOL literature. Female gender was a negative predictor of
several parameters of QOL 1 year after CABG in a cohort of
96 women, even after correcting for well-known risk factors
affecting QOL.25 Similar results have been seen in other
studies for patients after CABG26,27 and after surgery for
Table III. Comparison of quality of life norm-based score
cohort
SF-36 dimensions
TAA cohort C
Mean (95% CI)
Physical functioning 34.6 (32.6-36.6)
Role physical 34.9 (33.0-36.9)
Bodily pain 45.2 (43.1-47.2)
General health 42.2 (40.2-44.3)
Vitality 44.9 (44.1-45.7)
Social functioning 44.1 (41.9-46.3)
Role emotional 40.1 (37.6-42.7)
Mental health 39.0 (37.7-40.2)
Physical composite score 39.0 (37.0-41.0)
Mental composite score 43.6 (42.4-44.8)
NS, Not significant; SF-36, Medical Outcomes Study Short-Form 36-Item
aP  .01.non-vascular-related conditions such as colon cancer.28 Adifference in physical reserve betweenmen and womenmay
explain the improved ability of men to tolerate open TAA
repair, although the reasons for the gender-related discrep-
ancies in SF-36 scores remains speculative. Moreover, such
gender-specific outcomes are of major importance in con-
sideration of TAA repair because a consistent nearly 50% of
our patients have been women (Table I).
Age clearly influences QOL evaluated using the SF-36
and physical health measures.16 It is therefore anticipated
that age at operation significantly influenced the outcome
of the role physical dimension, and that a similar trend,
although not significant, was observed in the physical func-
tioning domain. Although age per se has not been consid-
ered a contraindication to TAA repair, others have corre-
lated poor outcomes with increased age at operation.4,7
Our posture has been that octogenarians must have normal
renal function, favorable functional status, and favorable
objective cardiopulmonary profiling to undergo elective
TAA repair. Developing such guidelines is particularly im-
portant given that 13% of patients in our series were 80
years old at operation.1
After correcting for sex and age, QOL scores in patients
with previous CABG, CEA, or peripheral vascular disease
surgery were lower in seven of the eight SF-36 domains.
Paradoxically, patients in the surgical group had a statisti-
cally higher mental health score compared with patients
with no previous surgery. This may reflect better coping
mechanisms for these patients who have been through
previous cardiovascular surgery. Our results are consistent
with previous reports. In one report, SF-36 scores for
patients with coronary artery disease before CABG were
lower in all domains of the SF-36, with some improvement
after CABG.29 Subjects with intermittent claudication have
significantly worse median health-related QOL scores than
patients without claudication, specifically in the physical
domains of the SF-36.30 Even subjective pain from PAD
has been shown to have a negative influence on QOL
scores.31
In an attempt to clarify clinical and postoperative vari-
tween thoracoabdominal aneurysm and chronic disease
ovascular cohort Difference from cardiovascular cohort
an (95% CI) Mean (95% CI)
(38.0-39.7) 4.3 (2.1-6.4)a
(39.3-40.9) 5.2 (3.1-7.2)a
(42.8-44.3) NS
(40.1-41.6) NS
(44.6-46.1) NS
(43.3-45.0) NS
(42.6-44.6) 3.4 (0.7-6.2)a
(47.7-49.3) 9.5 (8.0-11.0)a
(38.1-39.7) NS
(47.5-49.2) 4.7 (3.3-6.2)a
Survey; TAA, thoracoabdominal aneurysm.s be
ardi
Me
38.9
40.1
43.6
40.9
45.4
44.2
43.6
48.5
38.9
48.3ables potentially correlated with late functional outcome,
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mains. For example, extent IV TAAs have a modest (3%)
incidence of spinal cord ischemic complications, the lowest
perioperative mortality, and the least extent of surgery. Yet,
extent of TAA repair did not influence any of the eight
domains of QOL, perhaps related to the late time interval
after operation at which our patients were assessed. A
relevant consideration on late outcomes is the clinical cir-
cumstances of operation, because we and others have doc-
umented the increased risk of complications that accompa-
nies nonelective operation.1,2,5
Rectenwald et al11 previously examined the influence of
urgency of operation on functional outcome after TAA
repair. Their review dichotomized functional outcomes as
“good” and “bad” at 1 year, as follows: outcome was good
if the patients were ambulatory or living at home and bad if
the patients were nonambulatory or living in a long-term
care facility. Urgency of operation in their cohort was a
univariate predictor of a bad outcome at the 1-year follow-
up, because nearly 60% of their patients who had an urgent
operation had a bad outcome at 1 year.11
Our data revealed no differences in QOL between
patients whose TAA was treated as an urgent or emer-
gency procedure and those treated in elective circum-
stances. The lack of functional outcome difference be-
tween these two groups may be because any differences
related to the urgency of the operation were already
minimized by the time the survey was completed. Dif-
ferences in the mean follow-up in our cohort of 60months
compared with 12 months, or the percentage of patients
treated for actual rupture, or both, likely account for the
discrepant data.
The major postoperative complications of paraplegia
and renal failure have previously been shown to negatively
influence operative mortality and late survival.1,4,6 By ex-
tension, it would appear logical that a similar—or even
more dramatic—influence on late functional outcome
would be evident. Patients with postoperative paraplegia, as
expected, had a significant decrease in the physical func-
tioning domain, but perhaps surprisingly, had no signifi-
cant change in seven of eight domains when compared with
patients with no spinal chord ischemia complications. Most
likely, the inability to attain statistical significance (scores in
seven of eight domains were lower for the major deficit
group) is related to a power issue; however, this question
cannot be fully answered until a larger sample can be
analyzed. Patients with amajor cardiac event or a stroke had
significantly lower general health scores and mean scores
were lower in five of eight SF-36 categories.
Related studies have showed conflicting data when the
influence of major complications on QOL was examined.
Rectenwald et al11 found a significant increase in “bad
outcomes” (as defined above) for patients with spinal cord
injury at discharge from the hospital. At 1 year, scores were
still lower for patients with spinal cord injury, but this
difference did not reach statistical significance.11 Olsson et
al,24 in their review of 76 survivors of thoracic aneurysm
repair, concluded that postoperative complications, includ-ing neurologic insults, did not appear to affect long-term
QOL in a predictable fashion. For our cohort, the negative
impact of amajor postoperative complication (paraplegia or
cardiac/CVA) appears to persist, even at 60 months of
mean postoperative follow-up. To our knowledge, these
data are the first to document this perhaps anticipated effect
of major perioperative complications.
Within our cohort, patients monitored for82months
after operation showed a statistically significant decline in
the physical functioning domain. The lower scores at
longer follow-up time may be a consequence of overall
cardiovascular disease or indeed a concept as simple as
“aging.”
Reoperation of any kind showed lower scores for five of
eight domains and a statistically significant decrease in the
mental health domain. This was consistent with the study
by Rectenwald et al,11 where reoperation predicted a “bad
outcome” both at discharge from the hospital and at 1-year
follow-up. In a previous study, we documented an overall
10% “late aortic event” (additional aneurysm resection or
graft-related complication) at a mean follow-up interval of
30 months after TAA repair.18 Accordingly, the negative
effect on QOL of potential secondary operation must be
considered when clinical decisions such as extent of resec-
tions are formulated. In current practice staged approaches
to diffuse aneurysmal disease will clearly involve the poten-
tial for secondary (or primary) stent graft repair.
A limitation of our study is the failure to obtain preop-
erative SF-36 profiling. Such data would have allowed us to
more precisely assess the influence of the operation alone
on QOL by controlling for pre-existing and chronic disease
factors. Furthermore, by virtue of study interval after oper-
ation, our report focuses on late outcomes rather than the
impact of early postoperative recovery. Yet, the former
consideration is of greater clinical importance because it
can be assumed that the early recovery after open TAA
repair is indeed onerous.
The absence of a precise reference population for com-
parison with our TAA cohort constrains our data. In lieu of
preoperative SF-36 scores, the cardiovascular disease co-
hort appears to be a relevant control. Indeed, four of eight
SF-36 domains, and the physical component score, showed
no significant change between the cardiovascular cohort
and our TAA cohort. Furthermore, in the four domains
that showed decreased values for the TAA cohort, all de-
creases were 10 points, which have been argued as non-
clinically relevant using this tool.22 Given the data, long-
term functional status in our TAA cohort is comparable
with a matched comorbid disease cohort.
Finally, the data may be biased in the process of clinical
decision making; that is, whether or not to recommend
operation. It is incorrect to assume that operation was only
recommended in the circumstance where full functional
recovery was anticipated: a full 22% of patients in our
experience were treated in urgent/emergency circum-
stances of actual or threatened rupture.
JOURNAL OF VASCULAR SURGERY
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These data permit the conclusion that permanent loss
of functional capacity, measured at a mean of 5 years after
operation, occurs rarely in survivors of TAA repair. Pro-
spective comparative studies will be required to define the
role of alternative surgical strategies for TAA repair and
their impact on long-term functional outcome compared
with open TAA repair.13
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overall health status
Domains Abbreviation Domain a
Physical functioning PF Physical limitations in perfo
Role physical RP Problems encountered with
as a result of physical hea
Bodily pain BP Overall pain severity.
General health GH Overall general health.
Vitality VT Frequency of feeling full of
Social functioning SF Performance of social activ
problems (eg, osteoarthr
Role emotional RE Problems encountered with
as a result of emotional h
Mental health MH Degree of nervousness or d
Meaning of very high score
Physical component
score
PCS No physical limitations, dis
in well being; high energ
excellent.
Mental component
score
MCS Frequent positive affect; ab
distress and limitations in
activities due to emotion
rated “excellent.”omes Study Short-Form 36-Item Health Survey that describe
ssessed Meaning of score improvement
rmance of daily living. Performs all types of physical activities
including the most vigorous without
limitations as a result of health.
daily activities or work
lth.
No problems with work or other daily
activities as a result of physical health.
No pain or limitations resulting from pain.
Evaluates personal health as excellent.
energy vs. tired. Feels full of energy or pep all the time.
ities in lieu of health
itis).
Performs social activities without
interference as a result of physical or
emotional problems.
daily activities or work
ealth.
No problems with work or other daily
activities as a result of emotional
problems.
epression. Feels peaceful, happy, and calm all the
time.
Meaning of very low score
abilities, or decrements
y level; health relates
Substantial limitations in self-care, physical,
social, and role activities; severe bodily
pain; frequent tiredness; health relates
poor.
sence of psychological
usual social/role
al problems; health
Frequent psychological distress, substantial
social and role disability due to
emotional problems; health in general
